Chitosan biguanidine hydrochloride (CGH) has been synthesized by the guanidinylation reaction of chitosan with dicyandiamide. Its synthetic mechanism was discussed. The structures of CGH were characterized by CNMR. In this study, we used citric acid (CA) as a crosslinking agent, mixed with CGH to perform a pad-dry-cure treatment on wool fabric to study its antimicrobial effects with the help of scanning electron microscopy (SEM). The result showed that there was no obvious sign that CGH adhered to the wool fabric if the wool fabrics were not oxidized by hydrogen peroxide. The surface crosslinks of the oxidized wool fibers were relatively coarse, which beneficial for the antimicrobial and antiseptic effects of the wool fabrics.
INTRODUCTION
Marine polysaccharide drugs have attracted much attention. Chitosan, one of the most important marine polysaccharides, has many peculiar biological activities such as immunity, norcholesterol, and antibacterial effect, and thus has prospective application in the fields of medicine, textile and biotechnology. Some antibacterial activities have been described with chitosan and modified chitosan derivatives [1] [2] [3] [4] [5] . However, chitosan shows its biological activity only in acidic medium because of its poor solubility above pH 6.5. Thus, water soluble chitosan derivatives which are soluble in both acid and basic physiologic circumstances might be good candidates for a polycationic biocide [6] [7] [8] [9] .
Chitosan possesses primary amino groups in its structure and the number of these amino groups is related to the rate of antimicrobial activity. The introduction of asparagine to chitosan oligosaccharide significantly improved the bactericidal activity and minimum inhibitory concentration; this probably indicates that the higher the number of amino groups, the higher the antimicrobial activity [10] .
Guanidinium salts have attracted increasing interest in recent years, the guanidine derivatives with antimicrobial and antifungal activity have been investigated as medical and crop protection agents and antiseptics for industry products, food and other goods for daily use [11] [12] [13] [14] [15] . Few studies have investigated the feasibility of guanidinylated chitosan [16] [17] .
Possibility of guanidinylated chitosan with multi-amino groups seemed attractive. Richard F.
Stockel showed a general method for preparing Ltd (Tianjin, China).
Preparation of chitosan biguanidine hydrochloride (CGH)
Chitosan (2% w/v) were dissolved in 0.15mol/L hydrochloric acid, and the desired amount of dicyandiamide (corresponding to a molar ratio of 1:2 compared with chitosan residue) was added at 100℃ for 2h and then it was cooled to room temperature. The mixture was washed thoroughly with ethanol, and then dried under vacuum to constant weight to give product chitosan biguanidine hydrochloride (CGH).
Fabrics treatment
The wool fabrics were padded two dips and nips were attributed to the polysaccharide structures.
Testing and analysis
The 13 CNMR spectra confirmed that the amino groups of chitosan being partly guanidinylated.
SEM analysis
The wool fabrics were padded two dips and nips (100% wet pick up) in a solution containing CGH and CA. After treatment, the wool fabrics were dried at 80℃ for 5 min and cured at 120℃ for 2 min. Surface morphological structure of untreated wool and treated wool were shown in Figure 6 . There was no obvious sign that CGH adhered to the wool fabric because of the obstruction caused by the rigid scales on the surface and cuticle of the wool fabric [18] and so there was no obvious adherence of CGH to the surface of the fiber. The wool fabric was oxidized by hydrogen peroxide (20g/L), as shown in Figure   7 , showed that hydrogen peroxide pretreatment has a light damage on surface scalelike structure of wool, the oxidized wool fibers were relatively coarse compared to untreated wool, which is the result of oxidation and scission of the numerous disulfide bonds in the exocuticle of the wool. Table I shows, when the bacteriostatic value was less than 0 and the antiseptic value was less than 0, the CGH did not adhere to the fabric, which resulted in no antimicrobial or antiseptic properties. The protected the inner cortex when it reacted with the CA crosslinking agent and CGH heat treatment. We hoped to produce esterification between the wool fabric and CA/ CGH, so the other free carboxyl would form an amide bond between the CGH amino group or wool amino group and become fixed. Because of the scale hindrance, it could not completely react with the hydroxyl and amino group crosslinks within the wool fiber, which resulted in poor crosslinking, so we added CA, which caused the CGH to be unable to adhere [18] . The wool fabric first underwent a hydrogen peroxide preprocesses, which caused the scale to oxidize and resulted in light damage of the scale and increased the crosslinking reaction.
These were then treated with CGH. Wool fabric under various conditions of heat treatment was wash-tested multiple times according to AATCC test method 124.
Adsorption rate of chitosan biguanidine hydrochloride on wool is shown in Figure 9 . 
